Introduction {#sec1}
============

Diabetes is a risk factor for the development of erectile dysfunction (ED), with an estimated relative risk of 1.83 compared with non-diabetics.[@bib1] The prevalence of ED among diabetic men is estimated to be 50%.[@bib2] Diabetes may lead to ED through multiple potential pathways including neuropathy, endothelial dysfunction, cavernosal smooth muscle changes, and connective tissue changes that impair tunical elasticity and result in veno-occlusive dysfunction. The risk of ED in diabetic men increases in those with insulin-dependent diabetes or diabetes-associated comorbidities such as nephropathy, retinopathy, neuropathy, and cardiovascular disease.[@bib3]

Penile prosthesis surgery is a successful treatment option associated with high satisfaction rates among men with ED.[@bib4] In fact, diabetic men were found to have double the odds of undergoing penile implant surgery compared with non-diabetic men with ED using a large nationwide database.[@bib5] Diabetic men theoretically pose unique challenges to surgeons because they are at risk for delayed wound healing and generally increased risks of postoperative infection,[@bib6] which are particularly concerning risks when implanting a foreign device. In fact, diabetes has been identified as a risk factor for implant infection when analyzing cases of non-urologic surgery.[@bib7], [@bib8]

The current rate of inflatable penile prosthesis (IPP) infections is 0.5--2%, notably lower than the reported 2--5% rate before the introduction of antibiotic-coated implants.[@bib9], [@bib10] A number of risk factors for the development of IPP infection have been identified. These include implant revision surgery compared with primary implantation,[@bib11] chronic steroid use, and spinal cord injury as the cause of ED.[@bib12] Although the association between diabetes (or poor glycemic control) and IPP infection has been posited, the results of multiple prior studies have been mixed.[@bib11], [@bib12], [@bib13], [@bib14], [@bib15], [@bib16], [@bib17] We sought to analyze the impact of diabetes on the infection risk in patients presenting for an initial IPP placement using a large statewide population-based dataset.

Materials and Methods {#sec2}
=====================

Data Extraction {#sec2.1}
---------------

Our study was determined to be exempt from formal review by our institutional review board. We queried the New York Statewide Planning and Research Cooperative System (SPARCS) database to identify patients in New York state who underwent initial IPP implantation between 1996 and 2014. The SPARCS database is a de-identified comprehensive, all-payer administrative database that collects patient, physician, and hospital data from each inpatient hospital admission, emergency room visit, and hospital-based ambulatory surgery visit in New York state. Patients are assigned individualized identifier codes upon their first encounter at a SPARCS facility, which allows geographic and temporal patient tracking in the database. Individual physicians may be identified by license number, which is recorded for each clinical encounter. Hospitals are identified by facility name and county. Patient information collected includes demographic information, insurance status, comorbid conditions (coded for each visit) as well as procedures for each visit with associated date. In addition, location and attending physician performing each procedure are identifiable based on hospital codes as well as medical license numbers, respectively.

Patient Identification {#sec2.2}
----------------------

We queried the SPARCS database for all patients who underwent initial IPP implantation between 1996 and 2014 in New York State. This included procedures performed both in inpatient facilities and in ambulatory settings. Because procedures in SPARCS are coded with either International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes or Current Procedural Terminology (CPT) codes, we identified patients with ICD-9-CM code 6497 (Insertion or replacement of IPP) as well as CPT codes 54401 (Insertion of penile prosthesis; inflatable \[self-contained\]) and 54405 (Insertion of multi-component, inflatable penile prosthesis, including placement of pump, cylinders, and reservoir). To ensure that we only included primary implants, we excluded patients with diagnoses or procedural codes suggestive of IPP revision/exchange for infectious or non-infectious reasons.

We also performed an analysis of the impact of diabetes on infectious risk in the subset of patients who underwent IPP revision surgery after their initial IPP in the dataset. We followed our patients after initial IPP placement and identified patients whose first revision surgery was for non-infectious causes. We excluded patients who first appeared in SPARCS with a revision surgery because we were unable to identify what number revision was being performed. We followed patients from their first revision surgery for non-infectious causes to determine subsequent infection rates in this cohort.

Variables Analyzed {#sec2.3}
------------------

Patient demographic information including age, race, insurance status, as well as patient comorbidities were collected. Comorbidities were assessed using the unique patient identifier codes and tracking diagnosis codes associated with hospital visits before IPP implantation. A composite comorbidity score was calculated using the Elixhauser Comorbidity Index,[@bib18] which was then modified to exclude diabetes to isolate diabetes as an independent variable. Diabetes status of the patient was determined using ICD-9-CM coding. Mean annual surgeon volume was calculated as previously described by our group.[@bib19] Procedural date cutoffs were used to define the era of IPP implantation as pre-antibiotic-coated implant era or antibiotic-coated implant era. The antibiotic-coated implant from American Medical Systems (Minneapolis, MN, USA) was introduced in 2001 and the bacterial resistant Mentor Corporation implant (Santa Barbara, CA, USA) was introduced in 2003. We therefore defined the pre-antibiotic-coated IPP era as 1996--2003 whereas 2004--2014 was classified as the antibiotic-coated IPP era.

Outcomes {#sec2.4}
--------

The primary outcome analyzed was reoperation for infectious complications. Surgical options for infectious IPP complications included IPP explant, IPP explant with IPP replacement, or IPP explant with placement of a semi-rigid penile prosthesis. Procedural codes included Explant: ICD-9-CM 6496 or CPT 54406; Explant and IPP/semi-rigid reimplantation: ICD-9-CM 6495 or 6497 or CPT 54410 or 54411. Infectious cause as the reason for reoperation was determined using ICD-9-CM diagnosis codes associated with the reoperation visit. This included ICD-9-CM code 996.65 (infection or inflammation of genitourinary device). Patient follow-up was stopped at the time of reoperation for infection. Alternatively, if a patient underwent IPP reoperation for non-infectious complication, he was censored at that time. Patients without any evidence of reoperation were censored at the end of the study period.

Statistical Analysis {#sec2.5}
--------------------

Baseline patient and surgical factors were compared between groups using chi-squared analysis for categorical variables and a Student's *t*-test for continuous variables. Median values were compared using the Mann-Whitney test. Kaplan-Meier survival analyses were used to compare infection-free survival in various cohorts. Univariate and multivariable Cox proportional hazards regression analyses were then constructed to identify independent variables associated with infectious risk. All statistical analyses were performed using SPSS version 23.0 (IBM, Armonk, NY, USA) with statistical significance defined as *P* \< .05.

Results {#sec3}
=======

A total of 14,969 patients were identified who underwent a primary IPP implantation from 1996--2014 with a median follow-up of 95.1 months (interquartile range \[IQR\]: 42.1--156.1 months). A total of 343 patients (2.3%) experienced an infection requiring surgery during the study period. This included 4.2% (217/5,200) in the pre-antibiotic-coated IPP era and 1.5% (126/8,209) in the antibiotic-coated-IPP era (*P* \< .001). A total of 4,478 (29.9%) patients who underwent IPP placement had a preexisting diagnosis of diabetes. Patient characteristics stratified by diabetes status are shown in [Table 1](#tbl1){ref-type="table"}. Diabetic patients were slightly younger than non-diabetics and a lower proportion of diabetics were white than non-diabetics. There was a higher proportion of implants in diabetic patients in the era of antibiotic-coated IPPs (31.4% vs 27.5%, *P* \< .001) and a slightly higher proportion of diabetics had their IPPs implanted by less-experienced surgeons. Infectious complications were experienced by 3% (133/4,478) of diabetic patients and 2% (210/10,491) of non-diabetic patients (*P* \< .001). Of those who experienced an infection, the median time to infection was 3.0 months (IQR: 1.0--20.2) in diabetic patients and 4.5 months (IQR: 1.0--25.0) in non-diabetic patients (*P* = .06).Table 1Patient characteristics stratified by diabetes statusVariableNondiabetic\
N = 10,491Diabetic\
N = 4,478*P* value[∗](#tbl1fnlowast){ref-type="table-fn"}Age (mean ± SD)61.3 ± 10.660.0 ± 9.6\<.001Race (%)\<.001 White3,767 (42.4)1,458 (36.5) Non-white5,121 (57.6)2,538 (63.5)Elixhauser Comorbidity Index (%)\<.001 \<16,781 (64.6)3,065 (68.4) 13,145 (30.0)1,119 (25.0) \>1565 (5.4)294 (6.6)Insurance (%).001 Private4,654 (57.2)2,077 (55.7) Medicare3,111 (38.2)1,416 (38.0) Medicaid/Other gov376 (4.6)234 (6.3)Era of initial surgery (%)\<.001 Preantibiotic-coated IPP4,244 (72.5)1,613 (27.5) Antibiotic-coated IPP6,247 (68.6)2,865 (31.4)Annual surgeon volume (%).016 0--22,612 (24.9)1,135 (25.3) 3--72,557 (24.4)1,187 (26.5) 8--312,641 (25.2)1,080 (24.1) \>312,681 (25.6)1,076 (24.0)[^1][^2]

Diabetic patients had decreased implant infection-free survival both in the era before the introduction of antibiotic-coated IPPs (*P* = .004) as well as in the era after their widespread use (*P* = .003). Further, the introduction of antibiotic-coated IPPs improved the infection-free survival both in non-diabetic patients (*P* \< .001) and in diabetic patients (*P* \< .001). [Figure 1](#fig1){ref-type="fig"} displays the implant infection-free survival stratified by era of implantation and diabetes status. Diabetes was associated with a significantly increased IPP infection risk on multivariable analysis controlling for age, race, comorbidities, insurance status, annual surgeon volume, and era of implantation (Hazard Ratio: 1.32, 95% CI: 1.05--1.66, *P* = .016) ([Table 2](#tbl2){ref-type="table"}).Figure 1Kaplan-Meier Curves of IPP infection free survival stratified by era of implantation and diabetes status.Table 2Multivariate Cox Proportional hazards of IPP infectionVariableInitial Implant Surgery\
N = 14,969Implant Revision Surgery\
N = 454HR (95% CI)*P* valueHR (95% CI)*P* valueAge (continuous)0.98 (0.97--0.99).0031 (0.96--1.04).86Race (%) WhiteRefRefRefRef Non-white1.19 (0.94--1.51).141.1 (0.49--2.45).81Elixhauser Comorbidity Index[∗](#tbl2fnlowast){ref-type="table-fn"} 0RefRef 11.04 (0.80--1.34).770.76 (0.29--1.99).58 \>11.28 (0.84--1.94).250.65 (0.09--4.96).68Insurance PrivateRefRefRefRef Medicaid/Other gov1.54 (1.20--1.98).0010.80 (0.18--3.52).77 Medicare1.54 (1.04--2.28).0320.85 (0.34--2.17).74Diabetes**1.32 (1.05--1.66).0161.27 (0.55--2.92).58**Era: Postantibiotic-coated vs Preantiobiotic-coated0.46 (0.36--0.59)\<.0011.16 (0.45--2.98).76Annual surgeon volume \>31RefRefRefRef 0--22.41 (1.64--3.54)\<.0013.18 (0.69--14.74).14 3--72.48 (1.69--3.64)\<.0014.00 (0.86--18.58).08 8--312.06 (1.37--3.09)\<.0012.57 (0.48--13.72).27[^3][^4][^5]

In a subset analysis, 617 patients underwent re-operation for non-infectious reasons. Of those, 454 (74%) underwent an IPP revision or replacement, including 125 diabetic patients (27.5%). Of the total revision/replacement cohort, 27 patients (5.9%) went on to experience an IPP infection, a significantly higher proportion than in the initial implantation group (*P* \< .001). There was no notable difference between the proportion of diabetics (9/125, 7.2%) and non-diabetics (18/329, 5.5%) who experienced infectious complications after revision surgery (*P* = 0.49). On multivariate Cox regression analysis ([Table 2](#tbl2){ref-type="table"}), diabetes was not found to be associated with infection risk at revision (Hazard Ratio: 1.27, 95% CI: 0.55--2.92, *P* = .58).

Discussion {#sec4}
==========

The identification of diabetes as a risk factor for IPP infection has been controversial. In this study using population-based data from a large statewide database, we identified diabetes as an independent risk factor for IPP infection after initial implantation.

There are a number of reasons why having diabetes could increase the risk of IPP infection. These include impaired wound healing caused by decreased growth factor production leading to delayed angiogenesis, and reepithelialization. This delay in wound healing may allow entry of pathogenic organisms. Additionally, diabetic patients appear to have defects in innate cellular immunologic function, thereby leading to difficulty clearing infection once present.[@bib6] Finally, diabetes leads to a hyperglycemic tissue environment that, in addition to the effects on immunity, may be ideal for bacterial growth. Compounding the inherent issues with diabetes, there are specific factors of IPP implantation in diabetic patients that may put those patients at increased risk of infection. Some have posited that impaired corporal elasticity in diabetic patients could result in increased compression of penile vasculature during implant inflation, which could theoretically predispose to penile ischemia and suboptimal delivery of innate cellular immunity and antibiotics to the penis.[@bib20]

Despite the theoretical basis of diabetes as a risk factor of IPP infection, the urologic literature regarding this issue to date is mixed. In 1992, Bishop et al[@bib21] published an 18-month prospective study involving 90 patients (32 diabetic patients) undergoing penile prosthesis implantation. All infections occurred in the diabetic patients and higher glycosylated hemoglobin levels were reported to be associated with increased infection risk. Wilson et al[@bib12] performed a retrospective review of over 1,000 inflatable prosthesis implantations including \>800 primary implants. In their analysis, diabetic patients had a 3% risk of infection compared with 1% in non-diabetics, though this was not found to be statistically significant. This rate increased to 18% in diabetics requiring revision surgery. Similar results have been found in multiple single-institution cohorts.[@bib13], [@bib16] After their initial study, Wilson et al[@bib17] went on to perform a 2-year prospective study of 389 patients that included 114 diabetics. They found that infections developed in 7.5% of diabetic patients and 3.3% of non-diabetics who underwent initial IPP placement, which was once again not statistically significant (*P* = .09). They then analyzed their results by blood glucose control and found no increased infection risk in patients with elevated glycosylated hemoglobin levels. A follow-up of their study (included in a reply by the authors to a comment on their study), however, included 657 patients and noted a significantly increased infection rate in diabetic patients compared with non-diabetics (7.7% vs 3.3% in initial implantation, *P* = .036).

Even if the literature consistently and clearly reported that diabetes is a risk factor for infection, the question would remain as to whether this determination would be applicable in the modern era of penile implant surgery. The introduction of antibiotic-impregnated IPPs has led to decreased infection rate both in non-diabetics as well as in diabetic patients.[@bib22] Carson reviewed American Medical Systems (AMS; Minnetonka, MN, USA) patient information forms and found that the introduction of antibiotic coating decreased the infection rate from 1.61% to 0.68% at 6 months' follow-up.[@bib23] A review of Coloplast (Minneapolis, MN, USA) patient information forms including \>36,000 patients demonstrated a decreased infection rate with the hydrophilic implant (4.6% vs 1.4%).[@bib24] Similarly Eid et al[@bib9] performed an internal review including over 2,000 patients and found that the introduction of antibiotic coating improved infection rates from 7.0% to 2.2% using Coloplast implants and from 4.0% to 1.60% using AMS implants. It is not clear, though, if the antibiotic coating would be protective enough to negate the negative effects of diabetes on infection risk. Our study is consistent with these data because implant coating decreased the infection risk by about 50% on multivariable analysis.

Our findings are also consistent with the recent report by Mulcahy and Carson.[@bib15] They analyzed the Boston Scientific (formerly AMS) database, including \>30,000 patients after initial IPP implantation and made 2 important observations: i) diabetic patients had an increased risk of infection requiring surgical intervention when compared with non-diabetics and ii) the introduction of antibiotic-coated penile implants decreased the risk of infection in diabetic patients. This study, however, was limited by its reliance on industry-generated and archived patient information forms, its restriction to prostheses from 1 manufacturer, and absence of multivariable analysis to account for patient, implant, and surgeon factors that could have impacted infection rates. In contrast, our analysis is agnostic to implant manufacturer and we employed multivariable analysis. Our findings confirm that diabetic patients in fact have an increased risk of infection requiring surgery after initial implantation with a hazard ratio of 1.32. Further, we have found that this risk remains significant even after controlling for patient characteristics, surgeon experience, and era of implantation.

Contrary to our findings regarding initial implantation, we did not find that diabetes increased infection risk after IPP revision surgery. The 5.9% overall infection rate in this population is similar to that found by Henry et al[@bib25] (5.7%) reviewing over 200 revision surgeries. They found no difference in the proportion of diabetic patients based on the infectious outcome after IPP revision. The reasons for this are unclear, but may be because of low overall infection events in our series.

Owing to the nature of this study, there are a number of limitations. First, because this study is a population-based assessment, it relies on proper diagnosis and procedural coding. Second, there were a number of factors could not be identified from this dataset that potentially affect outcomes. These include operative site scrub in the operating room, perioperative antibiotic use, and surgical approach used (subcoronal, infrapubic, or penoscrotal). The implant manufacturer is also not identified, which may be important because AMS implants are impregnated with Inhibizone, a rifampin and minocycline solution, whereas Coloplast implants are hydrophilic, which inhibits bacterial adherence and absorbs antibiotics onto its surface, allowing the surgeon to determine the antibiotic dip. To this end, the period of initiation of antibiotic coating of IPPs varied by manufacturer, as referenced earlier, which may reduce the reported impact of infection reduction. In addition, the era of antibiotic-coated IPPs referenced in this study is an estimation because the exact date of transition varied between manufacturers, as referenced earlier. Also, we were unable to address the issue of controlled vs uncontrolled diabetes. Although there are diagnosis codes that refer to diabetic sequelae, this would be an inaccurate measure of glycemic control at the time of penile implantation and we therefore did not include this in our analysis. Additionally, the severity of diabetes is not quantified because glycosylated hemoglobin levels could not be captured. Finally, because this is a state-based registry, patients who moved from New York after the IPP implantation and subsequently had surgery out of New York would not have been captured.

Despite its limitations, we believe that this study adds significant evidence to the current literature that diabetes is in fact an independent risk factor for IPP infection in patients presenting for their initial IPP. This relationship holds true regardless of surgeon experience, IPP antibiotic coating, and other patient factors.

Conclusion {#sec5}
==========

In patients presenting for initial IPP, having preexisting diabetes is an independent risk factor for the development of an IPP infection. This has important implications for patient selection and counseling, and raises the question of whether this increased risk can be mitigated by optimization of glycemic control before surgery. Further study is needed to determine HbA1c level at which this risk disappears compared with those without DM.
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[^1]: IPP = inflatable penile prosthesis.

[^2]: *P* values are derived from chi-square test (categorical variables) and *t*-test (continuous variables).

[^3]: The bold values correspond specifically to Diabetes as the variable with infection.

[^4]: HR = hazard ratio; IPP = inflatable penile prosthesis.

[^5]: Excluding diabetes.
